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Abstract

This report summarizes results from Fermilalb experiment E791 on D"-D" mixing
and doubly Cabibbo-suppressed decays of the DF meson.
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DY-DY mixing is expected to be very small in the standard model, with mixing rates
predicted in the range 1071 to 1077, This provides us with a large window to study
offects hevond the standard model. For instance, recently Lawrence Hall and Steven
Ae W 1 [Mr..11 a9l 1, ,.mlmm,l E1s o e et 1 ea e o extension PRV SRR P R P |
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model involving char ge(l Higgs bosons. They predict an extremely small amount of
direct CP violation in neutral kaon decays and also very small CP violating effects
i decays of B mesons. However. one testable prediction is a large amount (~ 0.2%)

of D' =D mixing . Other models [Babu 88, Ma 88] also predict large (relative to

; =0 .
the \hlll(l(ll(l model) DY — D mixing . Thoso 111(‘111(19 supersymmetric models, models

The E791 detector allows us to separate a mixing signal, if any, from the doubly
C'abibho-suppressed decay which has the same final state particles by u tiliziup; tle
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the amount of DY — D7 mixing ., if auy. using 1/3 of the ET91 data sample. The
detailed analysis is written up as an E791 internal memo [Purolit 94]. The highlights

are presented below.
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in whicl ease the charge of the pion from the D*F rlo( ay 1(1(‘11f1ﬁos the charm quantin
ummber of the DY at birth. When the DY decays. the ('hargo of the kaou identifies the
chiarm quantum number and this way we can tell if nuxing has ocenred. This kind
of scarch can be carried out by CLEO IT as well and their conclusion was that there
is some evidence of a wrong sign signal (0.77+£0.254£0.25)% of the right sign sign:
However. heeanse of a lack of lifetime iformation, they cannot distinguish hetween
donbly Cabibbo-suppressed decays which are expected at the level of the obscrved
signal and mixig. We use our excellent lifetime sensitivity to obtain separate limits.

The right-sign (D" — K~ 7%) and wrong-sign (D" — K77 ) signals from 1/3
of E791°s data are shown in Figure 1. In these plots the ¢-value is a mass difference
defined hy

= MKpre — Mg — Ny

The hifetime distribution of the wrong-sign saanple after background subtraction aud
correction for acceptance is shown in Figure 2.
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Figure la. The right-sign (DY — K~ 71) decay candidates. The number of events are

plotted versus mp, and ¢ in the D*t decays.
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Figure 2. The time distribution of wrong sign D” — K~ 7T decays in the sigual region.
The distribution is background subtracted and acceptance corrected.



We perform an unbinned maxinnum likelihood fit to mer, ¢ in the D*F decay aud
the lifetime of the DU in right- and wrong-sign samples to obtain the the rates (1) of
mixing or doubly Cabibbo-suppressed decays. The rate » e.g.. for mixing is defined by

(D' - D — LKtr)

"mix = (DY - K—7t)
The results arve:
riix < 0.47%@90%CL
andd
rpesp < 2.7%@90% CL
or

0.6 ¢

rpesp = 1950 u%

Already, these limits are the world's best limits on mixing. For comparison, EG91
obtained a limit [EG91 88] of rp;5 < 0.50% in the K'm mode and ryie < 0.37%
combining the Iy 7 and Kaar decay modes of the DY, If we repeat owr analysis using
parabolic errors the way EG691 did, our limit is 0.37%. hetter than E691's limit of
0.50%.. Since owr limit comes from 1/3 of owr data set and from ouly oue of the two
important D hadronic decay modes. we expect that with the full data set, hoth modes
aud further analysis improvements, the seusitivity will improve by around a factor of
3. Already. a preliminary analysis in the DY — a7 mode indicates that

Py < 3-0% (Assuming maximal interference from DCSD)

anned that
Mgy < 0-3% (Assuming no interference from DCSD)
EGI1 also obtained rpy¢ < 1.5%. Our limit appears a little worse simply
DCSD Pl pll
Dhecaunse we may have begun to see the signal that CLEO II sees.

Diring the past vear, we Lave heen working on extracting D doubly Cabibbo-
snppressed decay signals from E791's data sample. These decays are interesting both
hecause they have never heen observed and because definite predictions have heen
made abont their rates. based on models of D mesons and their decay mechanisis.
Preliminary analyses of 1/3 of owr data have now been completed. Figure 3 shows onr
Cabihbo-favored signal DT — KT xt and the the next figure shows the signal in

the doubly Cabibbo-suppressed mode DF — Ktx =77, There is a clear sigual

(Dt - Ktn—nt)

= (3. . D) X ta "1Hr
(Dt = h—ntrt) (3.9+0.9£0.9) x tan™ 6,

-1



This is already a much better limit/signal than the Particle Data bhooklet [PDG 92]

limit of 20 « tan* .. When we examine the resonant subcomponents we find that

(DT — K*7xt)
(DY - K—atxat)

< 2.9 x tan* 8,

If considered as a signal, we find that

(DT - K%t

_ oo
Dt —- K—atnt) = (1.9 £ 0.6) x tan” 6.

{statistical error only).
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Figure 3. Invariant mass distribution for the Cabibbo-favored decay DY — K=t xt
from 1/3 of the ET91 data sample. This is used as normalization for the donbly

Cabibbo-suppressed signal.
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Figure 4. Invariant mass distribution for the doubly Cabibbo-suppressed decay D —

Ktatz= from 1/3 of the E791 data sample.
Similarly, an examination of decays to three charged kaons has revealed that

Dt - KTK-KT)

- - A
NDF = Lxtat] 1.7 x tan” 6,

aud the resonant decay can be compared to the ort decay mode giving

(Dt — oK)
(Dt — ont)

< 20.3 x tan* 8.
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These limits are lower than the level at which WAS2 has claimed a signal and a little
lower than a signal observed by EG91.

Owr future plans ave to continue analyses on mixing, doubly Cabibbo-suppressed
decays, charm barvous, flavor-changing neutral currents, semileptonic decays ete.
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